The numerous attempts to transplant neoplasms of warm-blooded animals in individuals of different species have generally failed (1) . Successful transplantation has been accomplished however under certain conditions, such as by planting foreign grafts in embryos (2) , in the brain (3), or in the eye (4) . At these sites specific resistance appears to be imperfectly developed. More controversial has been the success claimed when neoplasms have been transplanted in animals the specific resistance of which had previously been modified by removal of the spleen (5), "blockade" of the reticulo-endothelial system (6), or by intense irradiation (7) .
Of the several methods advocated, that of transplantation into the anterior chamber of the eye has the advantage of simplicity; moreover, it permits direct observation of the transplanted neoplasm with the microscope; its development may then be followed continuously. That the eye is a suitable habitat for heteroplastic growth of neoplasms in several species of mammals and birds is apparent from the literature (4) . But for such experiments not every kind of neoplasm nor every animal has served equally well. For example, Woglom (8) failed to obtain growth of a virulent strain of a mouse carcinoma in the eye of rats, though good intraocular growth was obtained in mice. In warm-blooded animals, at least, the humors of the eye do not appear to be wholly indifferent to foreign grafts.
Cold-blooded animals have not heretofore been used for heterologous transplantation of tumors. The reason for the neglect of these simpler, more primitive organisms is that until recently no tumor has been constantly available in the laboratory. The kidney carcinoma of the leopard frog (9) is excellent material for such experiments, and is readily transplanted into the eye of the same species (4) . Can this tumor be transplanted into the eye of other species? If so, must these alien species be closely related to the leopard frog, or may more distantly related amphibians be used, such as the toad? Might it be possible to go even beyond the amphibians and make successful transplants in animals of a different class, such as reptiles and fish? And if it should prove possible to utilize both closely and distantly related animals as recipients, would the character of the transplanted tumor be altered in proportion as the species of the recipient becomes more remote from the original host? The present paper is concerned with these questions. 
Material and Methods

sis).
The leopard frogs were large, but otherwise unselected adults of both sexes. Specimens of approximately the same size were chosen from the other species of frogs and toads. The goldfish were of the so called telescope variety, having large protruding eyes; they averaged 15 cm. in length. In these various animals the capacity of the anterior chamber is similar, except in the fish in which it is several times greater.
The temperature of the vivarium varied with the seasons (4), but was approximately the same for all species in any one experiment.
The technique of intraocular transplantation has been described in earlier papers (4, 10) . Excepting fish, operations and periodic photographs were made while the animals were under ether anesthesia; for narcosis of fish a saturated aqueous solution of chloretone was applied to the gills. Direct microscopic observations of the transplants were continued usuaUy for a period of 2 or 3 months, in selected cases for over 6 months. The study of the living tumors was supplemented by histologic examination of sections from the eyes of animals which were sacrificed or which had died. Formalin or Susa solution was the fixative used, paraffin or celloidin served as embedding media, and hematoxylin-eosin or Masson's trichrome mixture as stains.
Arrangement of Experiments
The arrangement of these experiments is shown in Table I . In each experiment, the tumor was inoculated into one or more alien species, and also, in the majority of experiments, into the original species (leopard frog), which thus served as a control for the transplantability of the tumor. In all, 16 experiments were made, of which 14 are shown in Table I , the remaining 2 being omitted because growth failed to take place either in the same or in alien species.
RESULTS
The results of these 14 experiments are given in Tables I and II. In Table I it is seen that there was a large proportion of "takes" in all the amphibians employed, alien species as well as the original species. In fish and reptiles, there were no takes, that is to say, the tumors transplanted into these animals survived for some time but failed to increase in size.
In Table II , the data of Table I have been condensed to show the percentage of successful transplantations in each species. These percentages--67 in the green frog and 62 in the bullfrog--are about the same as in the original species, 61 per cent. Thus there were approximately the same number of takes in ampMbians closely related to the original species as in the original species itself. In the toad, a species more distantly related to the donor, the percentage of takes, 37, was distinctly less, while in the fish and reptiles, animals still further removed from the donor species, no takes were recorded. Thus it is seen that the heterologous transplantation of the frog carcinoma succeeds in proportion to the closeness of the alien species to the donor.
The reaction of the eye of the recipient to the engrafted tumor is of considerable interest. No reaction occurred in any of the amphibians, of the same or of alien species. The aqueous humor remained clear. A marked inflammatory reaction did occur in the eyes of the fish and reptiles, and this reaction will be described later. Thus in this respect also do we find differences between species related to the donor and those not related.
The time required for the transplants to become attached to the lens, iris, or cornea was about the same in the various alien species as in the donor species. Usually, attachment occurred within 1 or 2 weeks. Also the period of lag preceding the first evidence of growth varied with the particular tumor rather than with the species.
The development and pattern of growth of the engrafted tumors were observed with the microscope and recorded in photographs (Figs. 1 to 5). The same course of development, the same pattern of growth were shown by tumors growing in amphibians of alien species as in the leopard frog.
In all species, growth usually began within 2 weeks after implantation, and proceeded at approximately the same rate and in a similar manner. Short hemispherical buds of proliferating cells formed at the free surfaces of the transplants and gradually elongated into solid cylinders (Fig. 1 ). Many such projections became increasingly translucent, and simultaneously broader in diameter: through accumulation of fluid a lumen was acquired and thus hitherto solid cylinders of cells were transformed into tubules or cysts (Figs. 2 and 3). Outgrowths of this kind frequently developed before the transplant In most experiments, transplants were also made in leopard frogs as controls; data on some of the groups of leopard frogs have been reported in a previous paper (4).
Tumor 566 II had previously been grown in the eye of a leopard frog before it was transplanted in the species shown in the table. 11 4 3 No. of takes became attached to the tissue of the host. After union had taken place, fibrovascular tissue from the host often grew into the solid cylinders, furnished a stalk, and thus led to the formation of papiUary structures. As long as the outgrowths met no obstruction and remained completely enveloped by fluid they continued to grow in the form of cylinders, tubules, cysts, or papiUae, becoming more complex through branching. When however the growing tips or the margins made contact with an even firm surface, such as lens or cornea, adhesions took place. At this point differentiation was rapidly lost, and the proliferating ceils now spread as undifferentiated membranes over the supporting surface (Fig. 4) . The tumor did not usually invade lens or cornea, which are firm and compact. When, however, it came in contact with loose, distensible tissue, such as the iris, the tumor invaded it (Fig. 5 ). In such invasive tissue, growth was of the acinar type.
The rate at which growth of transplants progressed in the alien hosts was not notably different from that in the natural host. There was considerable variation in the several experiments due to differences in growth capacity of the tumors, but there was no significant difference due to species. Even when in a toad, a species of a different family, the rate of growth was quite comparable to that observed under similar conditions in the leopard frog. Figs. 6 to 8 are a group of photographs to show the progressive growth of a transplant in a toad; in these photographs the vascularity of the tumors should be particularly noted.
Histologic examination of stained sections supplemented the observations made on living transplants. The essential similarity in form and vigor of transplants in the several species was thereby confirmed. This can be seen on inspection of representative photographs or transplanted tumors in three foreign species (Figs. 9 to 14) . The histologic sections had particular value in giving information regarding the stroma and the vessels of tumor which were supplied by the new hosts. I In actively growing transplants, i For a discussion of the reactions which lead to fibrous union between transplant and tissue of the host, reference may be made to the reviews by Loeb (I i) and Woglom (I).
regardless of species, connective tissue from the new host gradually made its way into the tumor. In the earlier stage this tissue was loosely arranged and delicately fibriUar; it was accompanied by thin-walled vessels and a few lymphocytes or other wandering cells. As it extended, it served as stroma for the cells of the tumor which, within its meshes, continued to grow in acinar pattern. Later, the new stroma pushed into the epithelial cylinders growing at the surface of the transplant and, by furnishing a fibrovascular core, led to the formation of long, branching, papillary structures. Thus the tumors eventually comprised malignant epithelial cells from the donor species, and new stroma from the recipient species. The invasion of the foreign stroma had no modifying effects; it behaved just as did the stroma in homologous transplants.
Retr ans plantation
In the last of the experiments recorded in Table I , a leopard frog carcinoma which had been cultivated in the eye of a host of the same sort for 137 days was transplanted into the eye of alien species. In the first intraocular generation, the tumor formed a compact tubulo-papillary mass which gradually filled the anterior chamber. The tumor was removed, divided, and transplanted into 5 toads, 1 green frog, and 2 leopard frogs. In the second generation the transplants grew progressively in 2 of the toads, in the green frog, and in 1 of the leopard frogs, this proportion of takes being approximately the average for initial transplants of the present series of experiments (see Table II ). The tumor of the green frog (Fig. 3) was removed when after 96 days of growth it had nearly filled the anterior chamber; it was divided and retransplanted into the original species, the leopard frog. Only 1 of the inoculated animals survived longer than 2 weeks, but in this frog the tumor grew for 210 days (Fig. 15) . Thus, the kidney carcinoma was propagated in the eyes of both natural as well as alien hosts for a period of 443 days. During this time no change in character of growth was observed.
Transplantation of Tissue Culture
It has long been known that tissues cultivated in vitro do not require plasma of the homologous species, but, within wide limits, grow equally well in the plasma of alien species. Thus, the leopard frog carcinoma has been cultivated with ease in a mixture of bullfrog plasma and chicken plasma (12) . It seemed of interest to determine whether cultures would continue to grow after implantation in the eye of a foreign host.
Cultures of a frog carcinoma which had been maintained in vitro for 24 days, were inoculated in the anterior chamber of 5 bullfrogs. One of the implants became established and formed a thick membrane over the anterior surface of the lens and part of the iris. Mter slow but continued growth of the implant for 178 days, the animal was sacrificed.
Histological examinations showed that numerous, small acini had formed within the membrane (Fig. 16) , into which delicate strands of connective tissue had extended.
This single experiment is briefly recorded here because it suggests another method for study of the extrinsic factors influencing neoplastic growth. In tissue cultures, the frog carcinoma soon loses tubular differentiation and grows as a membrane. But in the present experiment such a culture upon becoming established in the eye, developed acini. The determining factor for this redifferentiation was probably the connective tissue of the host, which furnishes a suitable stroma.
Fate of Transplants in Fish and Alligators
It did not prove possible to transfer the amphibian neoplasm successfully to fish or alligators. In fish, the transplants survived for over 3 months but at no time showed evidence of progressive growth; in alligators regression usually occurred within a month. In both species the implants called forth a prompt exudative reaction; the aqueous humor became cloudy, and films of wandering cells accumulated around the tumor within 24 hours. Within 10 days the exudate disappeared, the aqueous humor cleared, and there was no further evidence of incompatibility of tissues. By this time attachment had usually taken place.
Continued observation showed little change for many weeks. Most of the transplants remained translucent and obviously living, but they formed neither tubular nor membranous outgrowths, nor did they appreciably change in size. This condition persisted longer in the fish than in the alligators; in the latter the transplants gradually became opaque, indicating regression and fibrosis. It is not known whether the more rapid destruction of amphibian tumor in alligators is to be attributed to a greater degree of specific incompatibility than exists in fish, whether it is due to some non-specific difference such as a difference in osmotic pressure, or whether it is the result of some tissue lack.
Histologic sections of transplants in fish showed firm union with host tissue; a delicate loose fibrillar stroma had extended into the transplants, and served as a support for well preserved acini of the frog tumor. In nearly every section one or several cells in mitosis denoted continued proliferation. The surface of the transplant was usually covered by a layer of newly formed tumor cells. An example of long survival of amphibian tumor in fish is shown in Fig. 17 ; here, no evidence of regression is to be seen 134 days after transplantation. In transplants with degenerating and dead tumor cells, the stroma was usually much denser, of structureless, hyaline type, and often invaded by numerous large and small round cells, probably histiocytes and lymphocytes.
In alligators, deterioration of the transplants was much more rapid; by the 4th week, usually, only a few of the tumor acini remained, and these were embedded in a dense hyaline stroma infiltrated with wandering cells; however, some remnants of tumors were observed for as late as 9 weeks after implantation.
SUMMARY
Transplantation into foreign hosts of the kidney carcinoma of leopard frogs has been investigated by grafting the tumor in the anterior chamber of two other species belonging to the same family of frogs (green frog, bullfrog), of a species from a different family (the toad), and of animals of different classes of cold-blooded vertebrates (goldfish, alligator). In the eyes of frogs of alien species, the kidney carcinoma became established as readily as in the eye of the natural host. In toads, the proportion of successful transplantation was slightly less. No progressive growth of transplanted tumor occurred in the fish or the reptile, although in fish characteristic tumor acini persisted and a few mitoses were to be found long after implantation. In the a11igator the transplants deteriorated much more rapidly. Thus the success of transplantation into alien species decreased as the relationship to the original species became more distant.
An inflammatory reaction to the tumor graft appeared in the eye of reptiles and fish, but no such reaction occurred in amphibians.
The character and rate of growth of transplants were followed by continued direct examination with the microscope and were found to be practically the same in the eye of alien species as in the original species. Nor were differences in the finer structure of the tumor observed in the several species. The neoplastic cells retained their acinar arrangement, supported by stroma which developed quite as well from the tissues of alien hosts as from those of the natural host.
It was possible to engraft the tumor in the eye of the natural host, then to transplant it into the eye of another species, and finally to retransplant it in the original species. In this way the tumor has been propagated for 443 days.
A tissue culture of the tumor has been successfully transplanted into the eye of an alien host.
Thus these results demonstrate that, among cold-blooded vertebrates, the humors and tissues of the eye have a high degree of tolerance for foreign tumor grafts. FIo. 5. Transplant in a green frog. Profile view of anterior chamber as it appears through the slit-lamp microscope. The curved line at the right is cornea, the snowy film at the lower left is iris. The central dense mass is tumor which has infiltrated the iris. Elsewhere the contours of the mass are irregular, because its surface is covered by a luxuriant tubular outgrowth, the details of which, however, cannot be seen at this magnification nor in this optical plane. 76 days after transplantation. X 11.
FIos. 6 to 8. Transplants in a toad. Progressive growth of a tumor inoculated on April 3, 1939; dates of photographs are July 1, Aug. 4, and Aug. 30, 1939. The dark lines in the tumor are vessels which have extended from the iris to which the transplant is attached. The rate of increase shown is representative of the average rate in both homologous and heterologous species of amphibians. A histologic section of this tumor is shown in Fig. 13 . X 11.
PLATE I0
FIO. 9. Transplant in a green frog. The entire anterior chamber is filled by a branching papillary growth; 81 days after transplantation. X 15.
FIG. 10. Higher magnification of a branching papillary structure from the tumor shown in the preceding photograph. The core is composed of a slender strand of connective tissue fibrils which support a thin-walled blood vessel. × II0.
Fro. II. Transplant in a bullfrog. An actively growing tumor, 40 days after transplantation. The free surface is covered by undifferentiated membrane, the interior is acinar. The transplant was attached to iris. × 90.
FI6. 12. Transplant in a bullfrog. The delicate, loose, fibrillar connective tissue is derived from the host. In this new stroma the tumor is continuing to grow in acinar pattern. From the surface of the transplant several short tubules are projecting into the aqueous humor 68 days after transplantation. × 90.
Fro. 13. Transplant in a toad. This is a section of the growth shown in Figs. 6 to 8. The anterior chamber is occupied by a tumor which is attached to the iris (bottom); the cornea is seen at the top. The central part of the section shows an oval cyst which is encased in strands of fibrous stroma derived from the iris. From the inner as well as from the outer surface of the cyst extend many tubulo-papillary projections. 151 days after transplantation. × 90.
PLATE 11
FIG. 14. Tumor in a green frog. A broad papillary stalk has formed by extension of stroma from the iris (shown at bottom). The core consists of fibrillar connective tissue, with thin-walled blood vessels, and numerous pigment cells from iris. 34 days after transplantation. X 110.
FIG. 15. Transplant in a leopard frog, 210 days in duration. Third generation of tumor, initially grown in eye of leopard frog, then in green frog (Fig. 3) , and finally retransplanted to leopard frog. The tubulo-acinar mass is attached to iris, and is actively growing 443 days after the initial implantation in the anterior chamber. × 110. 
